introduction Soldering is a low temperature metallurgical joining process. Solder joining is a wetting process followed by a chemical reaction. The chemical reaction following wetting is between the molten solder and the joining metallurgy to form an intermetallic phase region at the interface. Solder alloys are characterized by the melting temperature being a strong function of composition. Microstructure, elastic modulus, thermal behavior and contact angle of Sn 96.5 Ag 3.5 alloy varied after adding bismuth content 1 . Melting temperature, elastic modulus and contact angle values of Sn 99. 3 Cu 0.7 alloy decreased after adding bismuth or bismuth-indium 2 . The elastic modulus, internal friction, contact angle, melting temperature and specific heat of Sn 91 Zn 9 alloy decreased after adding indium 3 . Also melting temperature, elastic modulus and thermal diffusivity of Sn 96 Zn 4 alloy decreased after adding bismuth 4 . Strength of bismuth-tin-zinc alloy increased after adding alloying elements such as silver or indium 5 . [6] . Microstructure, wettability behavior, corrosion parameters, thermal properties of quaternary bismuth-tin based alloy have been studied using different experimental techniques 7 . Tin-zinc eutectic alloy has been considered as a candidate for lead free solder materials because of its low melting point, excellent mechanical properties and low cost [8] [9] [10] . Also mostly solders are based on Sn-containing binary and ternary alloys as alloying elements such as Zn, Bi, Cu, Ag, Sb and so on [11] [12] [13] . Tin-zinc eutectic solder alloy is poor wettability, reliability, strength, easy oxidation and microvoid formation. Some researchers [14] [15] [16] [17] operated to improve the properties of Sn-Zn alloy by adding small amount of Bi, Cu, In, Ag, Al, Ga, Sb, Cr, Ni, Ge elements to develop Pb free alloys. The aim of our work is to improve soldering properties (melting temperature and contact angle) and corrosion behavior of tin based lead free solder alloys compared to tin eutectic, (Sn-Zn or Sn-Cu or Sn-Sb)alloys or lead-tin commercial solder alloy by changing their composition by adding different alloying elements.
Materials and Methods
Tin, bismuth, zinc, antimony and copper metals with purity more than 99.9 % were used to prepare Sn 82 Bi 15 Each alloy composition has a weight of 20 gram by using the digital milligram scale and the metals were added according to their weight per cent (wt. %) in the specimen. These alloys were melted and then normal casted on graphite substrate. The samples were prepared in convenient shape for all tests such as microstructure, thermal parameters and corrosion behavior. Microstructure of used alloys was performed using Shimadzu X-ray Diffractometer, (Dx-30, Japan)Cu-Ka radiation with l=1.54056 Å at 45 kV and 35 mA and Ni-filter, in the angular range 2θ ranging from 0 to 100° in continuous mode with a scan speed 5 deg/min and scanning electron microscope (JEOL JSM-6510 LV, Japan). The polarization studies were performed using Gamry Potentiostat/Galvanostat with a Gamry framework system based on ESA 300. Gamry applications include software DC105 for corrosion measurements, and Echem Analyst version 5.5 software packages for data fitting. Table 1 .The x-ray analysis show that, the feature of formed phases such as crystallinity (peak intensity), crystal size (peak broadness) and orientations (peak position, 2θ) for Sn 82 Bi 15 Zn 3 alloy changed after adding antimony, silver and copper. That is because these elements atoms dissolved in matrix alloy formed a solid solution with undetected phases that agree with pervious work 6, 7 and other [8] [9] [10] . Figure 3 (a-d) . DSC graphs show many peaks with different intensity, broadness and position. That is meant, these alloys contained many phases with different crystallinity, crystal size and orientation. The melting temperature of usedalloys as shown in Table 2 
